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Heavily irradiated mice have been protected from otherwise lethal bone
marrow damage by intravenous injection of rat bone marrow."'S5'14 It
has been amply demonstrated that the radio-protection offered by the rat
bone marrow is actually due to myelopoietic repopulation of the mouse
marrow cavity by rat marrow precursor cells."",'8 13 l Mice given supra-
lethal irradiation plus rat bone marrow have been demonstrated to pro-
duce rat erythrocytes,4"5"8' rat granulocytes,7"8 and rat platelets.9
This rather bland acceptance of rat bone marrow by the irradiated
mouse naturally led to experiments designed to test the possibility that
bone marrow from other heterologous species would "take" and grow in
the irradiated mouse. In our laboratory we have found that marrow from
humans, guinea pigs, rabbits, and hamsters all failed to prevent lethal
marrow damage in the irradiated mouse, and these same negative results
have been reported by others.'
It seemed quite evident, then, that rat bone marrow is the only "heterol-
ogous" marrow that has been found acceptable to the irradiated mouse.
The studies reported in this communication deal with the compatibility fac-
tors between rat and mouse that allow this inter-species marrow graft
acceptance.
MATERIALS AND METHODS
All mice were inbred strains (C57 Black X 101 or C3H X 101 hybrids) obtained
from Cumberland View Farms, Clinton, Tenn. Both male and female mice 10-14 weeks
of age were used in various experiments.
As many as 15 mice were irradiated together in a plastic box. Irradiation was carried
out using a 200 kilovolt standard therapy machine (15 milliamps; 0.5 mm. copper and
1.0 mm. aluminum filter; 50 cm. tube distance).
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Total dosage was calculated as 700 roentgens, a dose at least 200 roentgens beyond
the 100 per cent lethal point in our system of irradiation. In biological effect, our 700
roentgens compared with 900-950 roentgens used by Congdon' in mice of the same
strain from the same supplier, in that mortality in untreated mice occurred 7-10 days'
post-irradiation. Doses of 900-950 roentgens as measured output by our instruments
produced early death, and poor protection was achieved by marrow infusion from donors
of the same strain (isologous marrow treatment). The cause of this discrepancy in
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FIG. 1. Correlation of loss of rat erythrocytes with
antibody production in normal mice.
irradiation dosimetry has not
been determined, but van Bek-
kumu found similar dosages
necessary in his experiments.
Bone marrow suspensions
from mice were prepared ac-
cording to the method of Cong-
don.' Femoral marrow was ex-
pressed from the bone shaft
after the bone was cut at the
upper end. A size 23 needle at-
tached to a tuberculin syringe
containing Hank's solution was
inserted through the tibial end
of the bone, and the marrow
expressed into a small beaker.
The marrow plugs were sep-
arated by drawing the solution
in and out of the syringe re-
peatedly. Final values were ad-
justed so that one femoral mar-
row was contained in one-half
milliliter of Hank's solution.
This dosage, containing ap-
proximately 5-7 million nucle-
ated marrow cells, was the
usual mouse marrow inocu-
lum used.
In studies involving the destruction of red blood cells the erythrocytes to be tested
were labeled with radioactive sodium chromate (Abbott) and injected intravenously
into the recipient mice. Injection of test cells in irradiated mice followed the irradiation
by only a few minutes. Donor bloods, taken with heparin as an anticoagulant, were
incubated for one-half to one hour with Na2Cr51O4 in sufficient quantity to insure that
each recipient mouse would receive 0.5-1 microcurie of radioactive material in 0.5 cc. of
washed labeled donor cells having a 30-50 per cent hematocrit. Determinations of blood
radioactivity in the recipients were made by collecting the blood after decapitation and
counting the sample thus obtained in a well-type scintillation counter. Counts from the
blood of 2-6 individual mice were averaged and expressed as per cent of dose injected,
assuming a total blood volume of 2.0 ml.
Specific applications of these methods, as well as certain other techniques used, will
be elucidated in the text.
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RESULTS
A. Rodent erythrocytes in the mouse
Labeled rat erythrocytes given to normal mice persisted in the circula-
tion for about three days and then rapidly and completely disappeared.
Mouse blood volumes calculated from the labeled rat erythrocytes 24 hours
after injection were approximately of expected theoretical values, indicat-
TABLE 1. LIFESPAN OF ERYTHROCYTES PER CENT CR6' ACTIVITY REMAINING
Days' post infusions
1
2
3
4
5
6
7
8
9
11
12
13
14
15
16
18
20
21
23
25
Rat
(autologous)
80
96
78
69
51
45
37
34
Mouse
(isologous)
85
58
66
90
73
43
55
58
42
37
Mouse
(homologous)
100
89
86
62
74
* . .
66
39
19
Rat cells in ir-
radiated mouse
105
117
88
79
94
97
66
64
30
29
27
15
ing no sizeable immediate loss of rat erythrocytes from the circulation.
The rapid disappearance of rat erythrocytes after the third day was asso-
ciated with the appearance of anti-rat erythrocyte agglutinins of variable
titre in normal mice (Fig. 1).
When labeled rat erythrocytes were injected into irradiated, isologous-
marrow-treated mice, the lifespan of cells was not markedly decreased, and
no demonstrable anti-rat erythrocyte agglutinins appeared in the serum.
Indeed, the disappearance rate of labeled rat erythrocytes in the irradiated
mouse was similar to the curve of disappearance of chromium-51 tagged
isologous and homologous mouse erythrocytes and autogenous rat erythro-
cytes (Table 1).
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Erythrocytes from other species were tagged and similarly injected into
normal mice. Human, guinea pig, rabbit, and chipmunk erythrocytes were
lysed almost immediately by the normal mouse (Fig. 2). Although some
hamster erythrocytes persisted in the circulation for several days, there
was a large initial loss of cells. Irradiated mice did not accept the foreign
erythrocytes any better than the normal mice, except that there was pos-
sibly some prolongation of hamster erythrocyte lifespan in irradiated mice
(Fig. 3).
11SAPPEARANCE Or HETEROLOGOUS
ERYTHROCYTES FROM
CIRCULATIOIN or NORMAL MICE
0
DAYS
FIG. 2. Disappearance of heterologous
erythrocytes from circulation of normal
mice.
EFPECT OF IRRADIATION ON THE
DISAPfPEARANCE OW HAMSTEt
ERYTHROCYTES PROM THE MOUSE.
DAYS AFTER INJECTION OF HAMSTER CELLS
FIG. 3. Effect of irradiation on the dis-
appearance of hamster erythrocytes from
the mouse.
Correlation of these in vivo results with in vitro naturally occurring
agglutinins or hemolysins was not successful. Fresh frozen normal mouse
serum (0.2 cc.) incubated for 24 hours with 0.1 cc. of 5 per cent heterolo-
gous erythrocytes suspended in saline, caused neither agglutination nor
hemolysis of human, guinea pig, rat, or homologous mouse cells, but did
cause agglutination of hamster erythrocytes.
B. Studies of heterologous antisera
Antisera were produced in rabbits to a number of different rodent
erythrocytes or rodent sera. These antisera were then tested against a
panel of appropriate rodent antigens. Agglutinations were performed by
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mixing equal portions of antiserum dilution in saline with 2 per cent
erythrocyte suspensions in saline. Tests were interpreted grossly after
two hours' incubation at 37°. Ring precipitin tests for serum antibodies
were performed by overlaying saline dilutions of test serum over undi-
luted antiserum. Gross rings of precipitation were determined at the end
of two hours.
Rabbit antisera to rat and mouse erythrocytes and to rat and mouse
serum revealed marked crossing of antigenicity. Indeed, titers were ap-
proximately identical with appropriate antigens from either species. No
cross reactivity was noted between rat or mouse antibodies and guinea
pig or hamster antigens.
DISCUSSION
These studies simply confirm and amplify the fact that the rat and the
mouse are immunologically very similar. Makinodan5 found that in order
to produce antisera specific for rat red cells, the mouse must be the re-
cipient antibody producer. Smith9 also produced specific antiplatelet serum
in the same way. Our studies of heterologous antibodies again demonstrate
the marked similarity of antigens in these two rodent species. This simi-
larity is not shared with other common rodents.
Despite the fact that rat and mouse erythrocytes contain so many similar
or, indeed, identical antigens, the rat erythrocyte seems to contain a good
antigen in the mouse. A single injection of rat erythrocytes regularly pro-
duced antibodies in the mouse which persisted for many weeks and which
resulted in accelerated destruction of rat erythrocytes.
From our studies, one can speculate on some of the mechanisms in-
volved in the acceptance of rat bone marrow by the irradiated mouse. The
two species apparently have marked antigenic similarities, so that there
is no "basic" incompatibility. Whatever the mechanism of this "basic"
type of incompatibility, it was not abolished (for erythrocytes from sev-
eral species, at least) by heavy irradiation. This type of incompatibility
for foreign erythrocytes does not seem related to humoral substances,
at least of a type that are demonstrable by conventional tests for agglutina-
tion or lysis.
The type of incompatibility to rat erythrocytes that did develop in nor-
mal mice was solely related to humoral antibody production. Reaction of
the mouse to the other cell antigens of the donor bone marrow would
seem logically to be of this acquired, rather than "basic," incompatibility.
Therefore, during the period of immune unresponsiveness following irradi-
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ation and marrow treatment of the mouse, it is easy to understand the
initial growth and proliferation of the donor rat bone marrow.
A number of studies, however, have shown that recovery of antibody
production mechanisms return within 4-6 weeks in the irradiated, mar-
row-treated mouse." Rejection of the rat hematopoietic tissues does not
occur, and Makinodane has postulated that prolonged immune tolerance
to the graft occurs. Odell8 has certainly demonstrated some type of toler-
ance in irradiated rats treated with a separate strain marrow. These ani-
mals have been shown to produce erythrocytes of both rat types for pro-
longed periods of time. However, the antigenic properties of these rat
erythrocyte strains are very slight.
Certainly our observations suggest that because of the marked antigenic
similarities of the mouse and rat erythrocyte immune tolerance to rat mar-
row might occur. This would be a more attractive hypothesis, however, if
the rat erythrocyte did not also possess good antigenicity in the mouse.
The alternative explanation that the prolonged acceptance of rat marrow
is related to total replacement of mouse immune tissues by rat donor
immune tissues"' remains a possibility.
SUMMARY
1. Labeled rat erythrocytes are destroyed in the mouse by production
of anti-rat erythrocyte antibodies.
2. In irradiated, nonantibody-producing mice there is no incompati-
bility of rat erythrocytes, and the labeled cells circulate for prolonged
periods.
3. Other rodent erythrocytes are basically incompatible in the mouse
and are rapidly destroyed even by the irradiated mouse recipient.
4. The similarity of antigenic structure of rat and mouse erythrocytes
is manifested by marked cross-reactivity of antisera produced in the rabbit.
However, rat erythrocytes regularly produced an immune response in
mice.
5. The implications of these findings in relationship to the acceptance
of heterologous bone marrow grafts are discussed.
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